The consequences of autism in pregnancy outcomes have not been explored before, although it is of crucial importance because of the frequent comorbidities and medication in this group of women. Objectives: To estimate the risk of adverse pregnancy outcomes in women diagnosed with autism. Design: Nationwide population-based cohort study. Setting: Sweden. Participants: Singleton births identified in the Swedish Medical Birth Registry, 2006-2014. A total of 2,198 births to women diagnosed with autism registered in the Swedish National Patient Registry were compared to 877,742 singleton births to women without such a diagnosis. Main outcome and measures: Preterm delivery. Secondary measures were cesarean delivery (emergency and elective), Apgar score <7 at 5 minutes, small for gestational age, large for gestational age, stillbirth, gestational diabetes, and preeclampsia. ORs were calculated through logistic regression, adjusted for maternal age at delivery, maternal country of birth, smoking, maternal body mass index, parity, calendar year of birth, and psychotropic and antiepileptic medication during pregnancy. Results: Women with autism were at increased risk of preterm birth (OR=1.30; 95% CI=1.10-1.54), especially medically indicated preterm birth (OR=1.41; 95% CI=1.08-1.82), but not with spontaneous preterm birth. Maternal autism was also associated with an increased risk of elective cesarean delivery (OR=1.44; 95% CI=1.25-1.66) and preeclampsia (OR=1.34; 95% CI=1.08-1.66), but not with emergency cesarean delivery, low Apgar score (<7), large for gestational age, gestational diabetes, and stillbirth. In women with medication during pregnancy, there was no increased risk of adverse pregnancy outcome except for induction of delivery (OR=1.33; 95% CI=1.14-1.55).
Introduction
Autism, a disorder with still limited recognition in adult medicine, 1 is characterized by impairment in social interaction, communication, and restricted, repetitive, stereotyped behavior, interests, and activities. 2 The etiology of autism is still not fully known, but risk factors include genetic predisposition, structural brain abnormalities with different causes, and physiological and biochemical dysfunction. 3 Individuals with autism suffer from increased comorbidity (eg, epilepsy and attention-deficit/hyperactivity disorder [ADHD] , as well as other psychiatric and somatic disorders) 2, 4, 5 and are often treated with psychotropic and antiepileptic drugs. These drugs, when used during pregnancy are associated with adverse outcomes, such as preterm birth, abnormal birth weight, and poor neonatal adaptation. [6] [7] [8] The reactivity to sensory stimulus (such as pain, touch, and internal changes) is more heightened in individuals with autism and they often show difficulties accommodating to sensory stimuli. [9] [10] [11] While we are aware of two studies on the pregnancy experiences in women with autism (they describe difficulties with sensory processing, adaption to changes during pregnancy, and communication with health care personnel), 12, 13 we have not been able to identify any study on pregnancy outcomes in women with autism.
The aim of this study was to examine the risk of adverse pregnancy outcomes in women with autism. Our main outcome measure was preterm birth as it is strongly associated with fetal maturation, both contributing to higher neonatal mortality and morbidity. 14 
Methods
Our cohort comprised singleton births from the start of 2006 until the end of 2014 (n=954,497) recorded in the Swedish Medical Birth Registry (MBR; Figure 1 ). The MBR has collected information on pre-and perinatal factors since 1973, with a high validity for the variables used in this study. 15 The Registry covers more than 98% of infants born in Sweden. 15 Through linkage with the Swedish National Patient Registry (NPR) 16 we were able to identify 2,460 singleton births to women with autism before delivery. Autism was defined according to International Classification of Disease (ICD) codes (ICD-9: 299A, 299B, 299W, 299X; ICD-10: F84.0-F84.5, F84.8, and F84.9). To link the registries we used the Swedish personal identity number assigned to all individuals residing in Sweden. 16 The NPR was introduced in 1964 and became nationwide in 1987. 17 It includes hospital-based outpatient care since 2001 and today it covers more than 99% of all hospital discharges. 17 Singleton births to women never diagnosed with autism were used as population controls. We restricted our study participants to those with complete information on maternal country of birth, smoking in early pregnancy, parity, and selfreported height and weight at the first prenatal visit. These restrictions resulted in a study population of 2,198 births to women with autism and 877,742 to women never diagnosed with autism ( Figure 1 ).
Outcome variables
From the MBR, we extracted data on completed weeks of gestation, mode of delivery, 5-minute Apgar scores, intrauterine growth, stillbirth, and maternal complications (preeclampsia and gestational diabetes).
Preterm birth was defined as <37 completed weeks of gestation. We stratified preterm birth into extremely (<28 weeks), very (28 to <32 weeks), and moderately (32 to <37 weeks) preterm birth. Medically indicated preterm birth was defined as preterm delivery after induction of labor or cesarean section before labor. Cesarean delivery was divided into elective (an existing variable in the MBR) and not elective. Low 5-minute Apgar score was defined as a score <7. We used the Swedish sex-specific estimated fetal growth curves 18 to define small for gestational age (SGA) birth as having a birth weight less than two standard deviations below the mean birth weight for their gestational age, and large for gestational age (LGA) birth as having a birth weight of two standard deviations above the mean birth weight for their gestational age. Stillbirth was defined as fetal death at ≥28 completed gestational weeks until 2008 and thereafter, ≥22 completed gestational weeks. We defined maternal preeclampsia and gestational diabetes as having relevant ICD-10 codes (preeclampsia: O14-15 and gestational diabetes: O244). ICD-10 was introduced in Sweden in 1997. 
Variables used for adjusted calculations
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Pregnancy outcome in women with autism birth (1997-2001, 2002-2006, 2007-2011) , smoking in early pregnancy (nonsmoker, 1-9 cigarettes/day, ≥10 cigarettes/day), and parity (primipara or multipara) were all extracted from the MBR. Body mass index (BMI; <18.5, 18.5 to <25, 25 to <30, and ≥30) was calculated from self-reported height and weight at the first prenatal visit in the MBR. At the time of this writing, there are no approved drugs for autism in Sweden and we considered the use of psychotropic and antiepileptic medication as a treatment for a comorbid disease. Data on psychotropic (antipsychotic, hypnotic/anxiolytic, antidepressant, and to treat ADHD) and antiepileptic medication were obtained through the Swedish Prescribed Drug Registry, which includes information on all dispensed drugs since July 1, 2005, registered as Anatomical Therapeutic Chemical (ACT) codes. 19 The drugs included according to ACT codes are described in Table S1 . Medication during pregnancy was defined as drugs dispensed <6 months before conception until birth date.
analytics
We calculated crude (ORs) and adjusted odds ratios (aORs) with 95% CIs using unconditional logistic regression adjusted for maternal age, country of maternal birth, smoking, BMI, parity, year of birth, psychotropic and antiepileptic medication during pregnancy to control for confounding. In the main analyses for both women with autism and population controls, more than one birth per woman was allowed. In a separate analysis, we calculated ORs and aOR (adjusted as described above except for parity) for primiparous women with autism and their controls. For biparous women we calculated the risk of preeclampsia to be able to further explore the described link between autism and preeclampsia. 20 As sensitivity analyses we stratified births to women with and without psychotropic and antiepileptic medication during pregnancy and calculated crude and adjusted OR for adverse pregnancy outcomes.
Data were analyzed using SPSS software, version 24.
Ethics
The study was approved by the Regional Ethics Committee in Stockholm, Sweden (2008/1182-31/4). Formal individual consent was not required due to the strict registry-based study design.
21
Results
Characteristics of study participants
After exclusions, as described above, our cohort consisted of 2,198 births to 1,382 women with autism and 877,742 births to 503,846 women never diagnosed with autism ( Figure 1 ). 
All registered singleton births in Sweden (MBR), 2006-2014 n=954,497
Included:
Singleton births with complete information on maternal age at delivery, maternal country of birth, smoking in early pregnancy, parity, maternal height, and weight in early pregnancy in the MBR
n=879,940
Excluded:
Singleton births to women without complete information in the MBR
n=74,557
Singleton births to women with autism
n=2,198
Singleton births to women without autism
n=877,742
n=262
n=74,295
Clinical Women with autism were more often smokers and primipara than control women (Table 1) . They were also younger at delivery than the controls (median age 26.0 vs 30 years). Additional characteristics are listed in Table 1 . In >45% of births to women with autism, psychotropic or antiepileptic drugs were used during the pregnancies (Table 1) . For a detailed description of medication before and during pregnancy, see Table 1 .
Main results
Women with autism were at an increased risk of preterm birth (OR=1.30; 95% CI=1.10-1.54), which after stratification, remained for moderately (32 to <37 weeks) preterm birth (OR=1.32; 95% CI=1.10-1.58; Table 2 ). In primiparous women with autism, the risk remained significantly increased only for moderately preterm birth (Table 3) . This finding was due to the excess risk of medically indicated preterm birth (OR=1.41; 95% CI=1.08-1.82), whereas there was no increased risk of spontaneous preterm birth (Tables 2  and 3 ). Women with autism and without preeclampsia were at an increased risk of medically indicated preterm birth (aOR=1.59, 95% CI=1.42-1.78).
Maternal autism was also linked with an increased risk of elective cesarean delivery in births to women with autism (OR=1.44; 95% CI=1.25-1.66) and in primiparous women with autism (OR=1.85; 95% CI=1.52-2.25; Tables 2 and 3) .
Preeclampsia was more prevalent in mothers with autism ( Table 2 ). In the sensitivity analyses (Table 3) , the risk of preeclampsia was not significantly increased for primiparous women although it was for biparous women with autism (aOR=2.23; 95% CI=1.43-3.46). The risk of induction of delivery was increased in birth to women with autism (OR=1.52; 95% CI=1.37-1.70).
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Other pregnancy outcomes, including gestational diabetes, were not linked to maternal autism in the main analyses, except for SGA in women without medication during pregnancy (OR=1.23; 95% CI=1.02-1.47; Table S2 ). Notes: Data are n (%) unless otherwise specified. Statistically significant risk estimates are italicized and bold.
a Ors were adjusted for maternal age, country of maternal birth, smoking, body mass index, parity, year of birth, psychotropic, and antiepileptic medication during pregnancy. Abbreviations: lga, large for gestational age; sga, small for gestational age. We did not have data on spontaneous vs induced preterm birth in all preterm births, hence numbers do not add up. Abbreviations: lga, large for gestational age; sga, small for gestational age.
In women with medication during pregnancy, there was no increased risk of adverse pregnancy outcomes except for induction of delivery (OR=1.33; 95% CI=1.14-1.55; 
Discussion
Main findings
This nationwide population-based cohort study of 2,198 births found a positive association between maternal autism and preterm birth in the offspring. This is important as preterm birth is a major cause of morbidity and mortality in the neonatal period. 22, 23 Preterm birth has been linked with several maternal conditions including preeclampsia, chronic hypertension, a history of preterm birth and lung disease, age >30 years, and stress (both physiologic and psychologic). 23, 24 Women with autism in our cohort were significantly younger than the controls and had no increased risk of gestational diabetes. Women with autism and without preeclampsia were at an even higher risk of medically indicated preterm birth than women with autism in general. Hence, these factors are unlikely to explain the excess risk of preterm birth seen in mothers with autism in our cohort, due to an increased risk of medically indicated preterm birth and moderately (32 to <37 weeks) preterm birth. We found no increased risk of spontaneous preterm birth.
Women with autism with psychotropic and antiepileptic medication during pregnancy were not at an increased risk of preterm birth compared with population controls on the same medication. However, a slightly higher percentage of women with autism with psychotropic and antiepileptic medication than those without these medications had an adverse pregnancy outcome. It is possible that women with autism undergoing treatment have a more severe form of autism. Continuation of psychotropic medication during pregnancy has not earlier been associated with adverse pregnancy outcomes. [25] [26] [27] Women with autism in our study had a 1.3-fold risk of preeclampsia in our main analyses. In the sensitivity analyses, the risk was not significantly increased for primiparous women; nevertheless, biparous women with autism had a 2.3-fold risk for preeclampsia. Preeclampsia is considered to be caused by an exaggerated systemic inflammatory response. 28 Thus, it is possible that an altered immune response in individuals with autism 29 contributed to the higher prevalence of preeclampsia. There has not been reported any differences in risk of adverse pregnancy outcome in women who discontinued antipsychotic medication during pregnancy compared with those who continued. 26, 27 Hence, the use of antipsychotic and hypnotic/anxiolytic drugs during pregnancy might reflect a more severe autism in these women.
Supported by our findings of an increased risk of elective cesarean and induction of delivery, as well as no increased risk of extremely (<28 weeks) or very (28 to <32 weeks) preterm delivery, low 5 minutes Apgar score, and emergency cesarean delivery, there might be a wish to commence the delivery more dependent on the mothers' than fetal wellbeing. The difficulties with heightened sensitivity to sensory stimuli, internal changes, and difficulties to adapt to these in women with autism, 9-13 might impose a stronger stress response and thereby contribute to the increased risk of elective cesarean delivery and labor induction. Another reason might be the difficulties in communication between health care personnel and patients with autism. 30 The continuation of psychotropic medication during pregnancy could potentially ameliorate these difficulties.
Studies have proposed preeclampsia, labor induction, and SGA as risk factors for autism in offspring. 5, 20, [31] [32] [33] Since autism is a highly inherited disease with only partial penetrance, it is possible that preeclampsia, labor induction, and SGA are signs of overlapping inheritance.
strengths and limitations
One strength of our study is the large number of pregnant women, which allowed us to calculate precise risk estimates. We used a population-based approach to minimize selection bias. We were also able to adjust our data for a number of covariates (although residual confounding can never fully be ruled out in observational studies). Most of the data on confounders were collected prospectively before the outcome of the study, thereby excluding recall bias. 15 Birth data were retrieved from a registry with high validity (the Swedish MBR).
Our study has some limitations. First, a small number of women with mild autism may never have been admitted to a hospital or visited a hospital-based outpatient clinic (and thus have no diagnosis of autism in the NPR); however, this is unlikely because most patients with autism are diagnosed by specialists. Moreover, such a misclassification will lead only to false-negative cases (then classified as healthy controls) but considering the low prevalence of autism, false-negative autism is unlikely to influence our risk estimates more than marginally. A second limitation is the lack of validation of autism in our cohort. However, the NPR has a high positive predictive value (85%-95%) for most chronic disorders including different psychiatric disorders. 17 A third limitation is the lack of information on life circumstances since medication during pregnancy might be less common in women with autism who are living in a less caring environment (individuals with autism often depend on others to communicate and understand their needs). 30 
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Pregnancy outcome in women with autism estimates for adverse pregnancy outcomes. On the other hand, the need for medication might be concealed in individuals living in a supporting and caring environment by reduced symptoms of psychiatric comorbidities.
Conclusion
Maternal autism was linked with preterm birth, probably due to an increased frequency of medically indicated preterm births, but also with other adverse pregnancy outcomes, such as increased risk of preeclampsia. In the group who continued with psychotropic medication only, the increased risk of preeclampsia remained significant. Our results suggest a need for individual prenatal care for women with autism, weighing pros and cons for continuation of psychotropic medication, with a better understanding of the difficulties related to autism, especially regarding the communication with health care professionals.
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